Kansas Citys, Missouri and Kansas
Flood Damage Reduction Feasibility Study
(Section 216 — Review of Completed Civil Works Projects)
Engineering Appendix to the Interim Feasibility Report

Chapter A-7

GEOTECHNICAL ANALYSIS
FAIRFAX-JERSEY CREEK
(BPU FLOODWALL)



CHAPTER A-7
GEOTECHNICAL ANALYSIS
FAIRFAX-JERSEY CREEK (BPU FLOODWALL)

A-7.1 INTRODUCTION

This chapter presents the results of the geotechnical evaluation of an area in the
Fairfax-Jersey Creek protection unit determined to have a certain probability of failure
under the existing level of protection that warranted further study. The determination
relies on historical borings and soil test information combined with recent subsurface
borings and soil test information.

A-7.2 SOURCES OF EXISTING LEVEE DESIGN INFORMATION
The primary sources of information for this geotechnical analysis include the
references listed in the References section of this chapter.

A-7.3 DESCRIPTION OF THE LEVEE UNIT
Refer to Section A-4.3.7 for a detailed description of the Fairfax-Jersey Creek
Unit.

A-7.4 LEVEE DESIGN FEATURES

A-7.4.1 Existing Levee and Floodwall Sections

The Fairfax-Jersey Creek levee unit consists of levees, floodwalls, stoplop and
sandbag gaps, riprap and levee toe protection, surfaced levee crown and ramps, drainage
systems, the Jersey Creek sewer structure and shutter gates, and pumping plants. It was
originally constructed as a local levee, but was removed and replaced using Federal
standards in 1940. The final contract for construction of the project was completed in
1955.

A plan view of the Fairfax-Jersey Creek Unit and typical sections are provided in
the Supplemental Exhibits section as Exhibits A-7.1 through A-7.11.

A-7.4.2 Future Flood Protection Concerns

This levee unit is being considered for a partial reestablishment of existing design
level of protection near the Kansas River, or the beginning of the project. Some areas
have been surveyed and appear to be lower than the original federal design elevation.
The remainder of the system is not recommended for a raise based on the hydraulic
analysis of the Missouri and Kansas Rivers.

As aresult of an evaluation of the existing floodwall near the BPU facilities, it
was concluded that Stations 287+85 to 302+32 required further evaluation. The 1993
flood did not reach the top of the floodwall. A full head to the top of the floodwall is
analyzed in this chapter.

A-7.4.3 Area Site Characterization

The Corps of Engineers’ boring and additional subsurface information shown in
the Supplemental Exhibits section (Exhibits A-7.12 and A-7.13) was used to characterize
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and model the foundation resistance for the existing precast concrete piles driven below
the existing floodwall. The boring assignment for investigations of the Fairfax area was
developed well in advance of the floodwall concerns. One Corps boring was proposed
earlier, but was designated for investigation of an existing stoplog gap. The boring was
eliminated when it was discovered that the stoplog gap had been permanently sealed. No
additional borings were assigned for the study of the floodwall during the earlier stage of
general investigations. Later, when concerns were raised regarding the integrity of the
floodwall pile length and strength, additional investigations were conducted through a
contractor. The Investigation Report is included as Exhibit A-7.14.

These borings were used for developing the resistance to vertical and horizontal
loading. The characterization of the floodwall foundation relied on the Standard
penetration resistance obtained by driving a split spoon through the foundation sands. An
automatic trip hammer was used and appropriate corrections were made for energy input,
overburden pressures, rod type, rod length, hole size, and other pertinent variables during
the test. This information was used to develop the expected soil strength of the
foundation sands (refer to Exhibits A-7.17 through A-7.20).

A-7.4.4 Pile Capacity

The soil strength and existing pile length and configuration below the pile cap
was used to develop a spreadsheet model for determination of the available amount of
side friction and end bearing for a circular driven precast concrete pile. The lateral
coefficient of friction was chosen for the driven condition and a correction to the
resistance was made, taking into consideration the expected foundation underseepage
pressure during a high river condition. A flow net was used to model the underseepage
pressures. This information was provided to the structural engineering team members for
their use. Exhibit A-7.15 and Exhibits A-7.21 through A-7.23 contain the geotechnical
calculations for pile capacity. A summary of the ultimate foundation resistance is
provided in Exhibit A-7.24.

A-7.4.5 Underseepage Analyses

The model used to develop the expected pressure in the foundation sands along
the length of the driven piles was a simple hand-drawn flow net. The cutoff wall was
ignored and equipotential lines with perpendicular flow lines were developed below a
mostly sand foundation. The equipotential lines were used to determine the pressure
along the three piles located landside, the middle piles, and the piles riverside of the stem
of the floodwall. These tabulated values were added to the model for the resistance to
correct for lower effective overburden pressure.
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A-7.6 SUPPLEMENTAL EXHIBITS
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EXHIBIT A-7.2
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EXHIBIT A-7.3
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SUBSURFACE EXPLORATION AND GEOPHYSICAL SURVEYS

FAIRFAX FLOOD CONTROL SRUCTURE
KANSAS CITY; KANSAS

SECTION 1 - EXECUTIVE SUMMARY

The excculive summary is provided solely for the parposcs of overview. The execitive
summary omits a number of details, any one of which could be crucial to the proper.application
of this report. Any party who relies on this report must read the full report.

The project includes conducting an investigation to determine the longth of
existing piles and the subsurface soil conditions at the Fairfax fleod control wall
at Monoliths 16, 21 and 23.

Below the surfictal topsoil and silty clay fill, the soi} stratigraphy general consists of
silty sand underiain by fine to coarse sand.

After subsusface exploration, the borings were enlarged 1o install 4-inch diameter
PVC pipes for geophysical surveys. Three geophysical metheds including parailel
seismic, pround penetrating radar (GPR) and magnetic pradient were utilized: The
distance from top of pile caps to the bottom of piles were between 21 1o 25 feet and
the reinforcing stecl is between 10 to 13 feet below the top of the pile caps.

The hottom of the pile cap and the upper 12 to 24 inches of a pile at Monolith 21
were exposed at the face of the excavation to determine the pile shape and cross-
sectional dimensions. The exposed pile shows the existing piles are approximately
I4-inch diameter, cast-in-place concrete piles (based on a measured pile
circumference of 48 inches).

SECTION I - PROJECT DATA

AUTHORIZATION

The services documented in this report were provided in accordance with the terms,
conditions and scope of services described in Geotechnology’s August 7, 2003 proposal

PURPOSE AND SCOPE OF SERVICES

The pupose of our services was to conduect subsurface cxploration and geophysical
surveys for the investigation of the existing piles as defined in our proposal. Brielly, services
consisted of site reconnaissance, drilling three borings, labaratory testing, geophysical surveys
and data interpretation, and preparation of this report. Important information prepared by The
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U.S, Army Corps of Engineer, Kansas City District 4713201.3211
C/0 Black & Veatch

Cctober 15, 2003

Page 2

Association of Engincering Firms Practicing in the Geosciences (ASFE) for studics of the type is
inctuded in Appendix A for your review.

PROJECT AND SITE DESCRIPTION

This project included an assessment of the soil conditions adjacent to the existing piting and
a determination of the pile length for the Fairfax Drainage District Floodwail in Kansas City,
Kansas. The shape and cross sectional dimensions of the cxisting piles were cxamined by CXPUSINY
the pile cap and the upper 12 to 24 inches of pile at Monolith 21, and by exposing the pile caps onty
at Monoliths 16 and 23. The pile lengths were determined using a total of three types of Borehole
Geophysical Surveys (paraliel scismic, ground penetrating radar, and magnetic gradient) at
Monoliths 16, 21 and 23. This investigation consisted of exposing the pil caps to permit  hammer
strike at the top of the concrete 1o generale a signal source for performing the parallel seismic
swveys and performing subsurface explorations. The suhsurface explorations included drilling
three 50-foot deep bore holes, installing 4-inch diameter PVC pipes, and associated down-hole
geophysical surveys. The bore holes were located in the BPU power plant and were drilied adjacent
to the existing pile caps.

SECTION NI - FIELD EXPEORATION AND LABQRATORY TESTING

FIELD EXPLORATION

The field subsurface exploration consisted of drilling and sampling three borings,
designated as Borings B-16, B-21 and B-23, at the approximate Jocations at Monoliths 16, 21
and 23 All soif borings were drifled and sampled at the above referenced projeet site from
September 22 through 25, 2003, The baorings were located in the field by the client,

All borings were drilled to a depth of 50 feet and were drilled using a CME 55 rotary drill
rig. The borcholes were drilled using 4-inch flight augers to a depth of 15 feet with rotary wash
drilling methods used from a depth of 15 feet to the boring termination depth of 50 feet below
ground surface. Standard Penetration Tests (SPT's) were conducted after encountering natural
soil deposits (approximately 10 to 13 feet below the ground surface) and using an astomatic
hammer, Split-spoon samples were obtained at intervals of 2.5 feet to the bottom of cach boring.
Detailed logs ol borings are presented in Appendix B. A bulk sample was obtained during the
excavation of the pile caps 1o determine compaction requirements for the backfitling operation,

An engineer of Geolechnology provided technical disection during field exploration,
observed drilling and sampling, assisted in obtaining samples, and prepared descriptive lTogs of
the material cncountered.  The boring logs represent conditions observed al the time of
exploration but have been edited as a result of the laboratory test data as appropriate,
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SET UP FOR GEOPITYSICAL SURVEYS

Afier finishing soil sampling at each boring, the bore holes were re-drilled and enlarged
by using &-1/4 inches inside diameter (1.D.) hollow stem augers 1o a depth of 15 feet from the
ground surface. Eight inch diameter PVC pipe was instalied to an approximate depth of 17 feet
below the ground surface for use as temporary casing. After the temporary casing was instailed,
the bore hole was drilled to the termination depth using rotary wash drilling methods and a 7-7/8
inch diameter friscone roller bil. Access pipes [t geophiysical smvcys consisting of 4-inch
diameter PVC pipes were installed. The annular space between the bore hole and the 4-inch pipe
was grouted. The access pipes were back{illed with grout after conducting three gecphysical
surveys.

LABORATORY TESTING

Laboratory testing was perfornied on the soil samples to determine index properties of
the soil and recommended shear strength parameters for re-analysis of pile capacity. Moisture
contents, Atterberg limits tests and sieve analyses were performed on sctected samples. Kesuits
of these laboratory tests are presented on the boring logs and Appendix C. A proctor test was
performed on the bulk sample. Summary results are presented in Appendix C. :

SECTTON IV - SUBSURFACE CONDITIONS

STRATIGRAPHY

Below the surficial 6 inches of top soil, generaily 9.5 to 12.5 fect of silty clay fill overlies 10
to 18 feet of very loosc to medium dense brown {o gray silty sand with intermediate layers of soft,
brown and gray clayey silt and silty clay. Below the silt sand, medium densc to dense gray to dark
gray silty sand and £ne to coarse poorly-graded and well-graded sand were encountered to boring
termination at a depth of 50 feet,

GROUNDWATER
Groundwater levels were not observed in the borings due 10 rotary wash drilling methods
being used. No groundwater was encountered while drilling with the flight augers 1o a depth of

15 feet below ground surface.

RECOMMENDED SHEAR STRENGTH PARAMETERS

Soil strength parameters for long-term conditions, including cohesion and angle of
intemnal friction were estimated based on the in-situ SPT values. Buoyanl unit weight should be
used in any computation of allowable pilc capacity based on the assumplion that the design
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BORING LOG: TERMS AND SYMBOLS

¥ GENERAL NOTES

1. Information or sack boring log Is e complistlon of subsur.
race condftlons based on sefl or rock classifications ab-
talhed from the fleld &5 weil as from laboratory testag of
sampies. The shrata lines on the logs may be approximate or
the transition between the stafa may be gradual rather than
distinct, Waler Jevel measurements refer only fo those ob-
served al the times and places Indlcaied, snd may vary whth
time, geologic condlifan or constiuciion activily.

2 Refalive composition and Unltied Soli Class!fication desig-
natlons are based on visuel esthnates end are approximats
onfy. I} 1aborutery foste were porformed to classify the soll,
the unltied designatlon {s shown In parenthests.

3. Value gitven in Ynall Dry Welght/SPT Calumn Is either a unit
dry walght In pounds per cubic foel, If adiacent to a 8T sam-
pie deslgnatlon, or blows per G-inch Increment If edjacent to
& 58 sample designation,

ABBREVIATIONS

U2 Shear Strengih from Unconsolldated - Undrafned
Triaxlal Test (ASTM D285
QU2 Shear Strength from Unconilned Compression
Test (ASTM D2166)
8V Shear Strength from Field Vano (ASTM D2573)
Pl Plastic Limil (ASTM 024318)
LE  Uquid Limlt {ASTH D4318)

LEGEND
CS |Continuous Sampler

GE |Grab Sample Taken From Auges Cuttlngs Or.
Wash Water Return

NX | NX Reck Core with Percent Recovery/f.QLD.
100 |Given in AdJacent Column

2

PST [Three lach Diameter Piston Tube Sample

5§ | Split Spoon Sample {Standard Penciration Test)

ST | 7nree Inch Diameter Shelby Tube éample

Sample Not Recovered

571 Field Vane Tost

Biow Per Foal {N-Vufu.e}
A8y e s

HOYES: 1. To sveld dams
2 N-Yalve fﬂfuws

SPLIT - BARREL SAMPLE

------ . 25 blows drove sampler 12 Inches afler Iniilal 8 Inches of seating.

75 blows arove sampler (0 inches afier ipitlal 6 inchas of seatlng.

[, , 50 blows drove samplar 3lnches dulag Jaltinl €Inch seating Interval,

1o tampling isols, diivicg Is ftiflad to 50 bloves duelng sy #fx lnch fntecval :

qunt) is the standard pansicetfon rasistance bazed on the lotal number of blows, Using & 1404b, hamumier with 304nch lrea fafl, required

R DRIVING RECORD
Baacrption

to drive & spiil spoon the Jaxt 'wo of three, B Inch drive ncrameats, (Example: 4770, X » 7 + B = I6). Vilves aie showr &5 & summation on prid plotand

mdy e ahovin 4 41713 In Unit Dry Vralght SPT column.

RELATIVE COMPOSITION

STRENGTH OF COHESIVE SOILS

Trace oveuircrncns o 0-10% Undralned Shear Approxf::iafe
WithiSome L. 11-35% Consistency Strength Tons Field Tast N-Value Rarnige
Scll maditier such ....... > 35% . _ Par Sq.Ft. . .
as slity, clayey, sandy, eic. Very Sofl ..... v fess than 012 ..., Thumb wiii penetrate solf more than 17, 0~ 1
DENSITY OF SO wmnsmimawnsa 0.13 to 0.25 ... ... Thulb wiil penetrate solf about1".,.., 2-4
GRANULAR 59ILS Medlum Stlf ..., 02610 0.50 .. ,..." Thumb will peneirale soll about %" ... 5.8
Descriptive Tarm: H—Value S coneswvenss 0.51 to 1.00 ...... Thumb hardly Indents soll . .......... 9-15
xsg‘;é‘:_‘nse """""""" g4 Very SHI ..ivinn 1.01 to 2.00 «uv. . Thumb will not Indent soll, but readily
Yedium bense .. Indented with !humbngﬂ, ceveieea. 18-30
Dense v .n... Cietensa 31-50 Hard .oooviiiinn greaterthan 200 .. Thumbnallwill pot indént soll .. ..., ... 230
Very Cense ........ v X 50 : :
SOIL GRAIN SiZE
; U.S. STANDAAD SIEVE
127 3" wr 4 10 40 20? 3
= GRAVEL SAND
l BUULDERSI COBBLES COARSE l FINE COARSE ! MEDIII -[ FINE t SIET CLAY J
300 76.2 . ]

4.76 2.00
SOIL GRAJN SIZE IN MILLIMETEAS

0.42 0.074 .oo2

SOIL STRUCTURE

Calfcareous — Having appreclable quantities of carbonale.

Fissured — Contalning shrinkage or rellef cracks, often
tiled with fine sand or sfif; usually more or iess
vertical,

Slickensided ~- Haw‘n? planes ol weakness thaf ap/;vear
slick end glossy. The degree of slickensided-
ness depends upon the spacing of sllckensides
and the eade of braaking along these planes.

Layar — Inciusion greater than 3 lnches thick.

Seam = Incluslon 1/8 inch fo 3 Inches thick exfending
through the sample. .

Parting — incluslon fess than 18 Inch thick.

Pocket — Incluslon of materlal of ditferent texture that s
smailer than the dlameter of the sample.

Irterlayered- — Soli samples composed of alternating
fayers of dliferent soll types.

Intermiixed — Soil samples composed of packets of differ
ent sofl typas and & fayered or [amingted sfruc-
ture Is not gvidant. .

Leminated — Solf sample composed of alternaling pact-
ngs or seams of different soll lype.

ENGYCEERING AND EAVIRONMENTAL SERTICES
FAINT UOHAS, kg 5UA

g GEOTECHN:
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“ N umll el el el el A B B _DB

UNIFIED SOil. CLASSIFICATION SYSTEM

I- MAJONL DIVISIONS SYM

BOL DESCRIFTION PLASTICHTY CHART

B Clean Gravels | GW | Wall-Graded Gravef, Gravel-Sand Mixture 3 P
2pa] Gravel | Little o7 oo Finpg | Poody-Graded Gravel, GravalSand Mixture T CHl
‘ﬁj: an Graveis with | GM ] Siity Graval, Graval-Sand-Siit Mixture = l "
ﬁ;: Gravelly| Agproclatla { GT 1 Clayey-Grave!, Graval Sand-Olay Mixture .l Ty
zani Solls Eines I o . y}ﬁ
= =§ Ciean Sands | SV | Well-Graded Sand, Gravelly Sand z +
‘255 Sand J{Mdle or no Finag BP | Poody-Graded Sand, Gravelly Sand ) OH
tef] and Hands with _,SLI Silty Sand, Seand-Slit Mixtere 25 B
5 2] Sandy Appreclsbis | SC ] Glayey Sand, Sand-Clay Mixlura T vl

Solls Flies : = CL-Ml~ oL MH

i3 Liquid ML { Siit, Ciayay SHL, Slily ¢r Clayéy Yery Fine Sand, T ld 1 ;‘5 a

28| sis Limit i Slight Plasticity | 5
«&2] and Less than 50 [ GL [ Clay. S8andy Clay, Siity Clay, Low to Medium L : ML
B8 Glays } -t Plastielly 20 0 & X W 10 & %0
an o OL | Qroanic Silts or Slity Clays of Low Plasticlty v s (L)
z 5§ Silta Uguld MH_| Slit, Fina Sandy or Slity Gelf with High Piasticlty RELATIVE PLASTICITY
‘.i':sg' Caind Limit TH| Ctay, Hiph Plasticlty ?’onﬂﬁ:ﬁ:ﬂdﬂ g:?‘r:otngﬂn‘htma&?lﬂ

& ays tore than 50§D | Omanle Clay of Medium to High Plastlcity ree y Pl Inta Bai .
ER21 HighiyOraanic Solla__ | PT_| Pual, Humus, Swamp Sall N ke B by i bt

VISUAL DESCRIPTION CRITERIA*

T

TABLE %: CRITERIA FOR DESCRIBING ANGULARITY OF
COARSE-GRAINED PARTICLES

Description Critetia

Angular Farticles have sharp edges and refative
Iy plane sides with unpolished surfsces

Subangular Partlcles are-simhiar fo srgular deserip-

: tion but have raunded edges '

Subrounded Particles have pearly plane sides but
have wellvounded corners and edges

Rounded FParticles have smoothly curved sides

and no edges

TABLE 2: CRITERIA FOR DESCRIBING PARTICLE SHAPE

Dascription Criteria

Flat Particles with widthithiekness X3
Elongated. Farticles with lengthiwidth X3

Flat and . Particles mieet criteda for both flat and
Elongated elongated X
TABLE 3: CRITERIA FOR DESCRIBING MCOISTURE

- CONMITION
Description Critailo
Dry Absence of molsture, dusty, dry to the
touch
Moist Dampg but ne visltle water
Wet Vigible free water, ustally soil Is below

waler table

TABLE 4: gfégEmA FOR DESCRIBING REACTION WITH

Pescription Criterla

None No visible reactlon

Weak Some reactlon, with bubbles formlng
. slowly

Strong Viofent reaction, wlth bubbles forming

imrmediately

TABLE 6 CRITERIA FOR DESCRIBING CEMENTATION

Descriplion Crlteila

Weak Crumbles or breaks with handling or I
tle finger pressure

Muderate Crumbles or breaks with considerable
finger pressure

Strong Will not crumbile or bresk with fager
pressure

*NOTES: 1. Tzblas adspted from ASTM O 3488 “Desoriplion sad ideatitica.

tloa of Soffa™ (Visuaf-anval Pracedure)
2 Tables 5, T and 11 lncorparated inta atfier fnfonnation on thia plate,

TABLE8: CRITERIA FOR DESCRIBING DRY STRENGTH

Deseslption Celtstla
- None The dry specimen crumbles into powder
with mere pressure of handling
Low The dry specimen crdmbles Inta powder
with some fingar pressure
Madlum The dry spachnen breaks into pleces or
cruembles with considerabls finger
. pressure
High The dry specimen cannct be broken with
finger prassure. Specimen wilf break In-
to pleces between thurmb and & hard sur-
face
Very High The dry specimen cannot be braken be-

tsveen the thumb agd & hard surface

TABLE 8: CRITERIA FOR DESCRIBING DILATANGCY

Descilption Critarlie

None < No vistble changs In the speclmen

Stow Water eppears slowly on the surface of
the specimen during shaking end does
not disappear or disappears slowiy upan
squeezing

Rapld Viater appears qitlckly on the surface of

the specimen durlng shaklng and disap-
pears quickly upen squeezing

TABLE 10: CRITERIA FOR DESCRIBING TOUGHNESS

Description Critera |

Low Qnly silght pressure [s required fo roft
the thread near the plastic fimit. The
thread and the fump are weak end soft.

Medium Mudlum pressure js required to roll the
thread to near the plastic Nmit. The
thread and the lump have medlum stiff-
ness

High Censiderable pressure Is required to rali

the thread to near the plastic limit. The
thread and the lump have very high stifl-
ness

TABLE 12: [DENTIFICATION OF INQRGANIC FINE-
GRAINED SOILS FROM MANUAL TESTS

Sail. Dry - .
Symbol Strength Dilatancy Youghness
ML " Nonetolow Siow torapld Low or thread
cannot be
formed
CL Medlum o high Mone to slow  Medium

MH  Low fa medium Nans to siow Low to medium
CH  High to very fiigh None High
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EXHIBIT A-7.15
Fairfax-Jersey Creek Flood Wall
Pile Foundation Documentation
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Appendix 4

Fairfax-Jersey Creek Flood Wall Documentation

Development of the Ultimate Resistance of the Piles Below

the Floodwall : Station 287+85 to 302+32.

The geometry of the existing flood wall can be found
on O & MM Plate 38 of reference 11. 7The 17’-9" high stem
of the floodwall sits 12’ -6% back from the riverside face
of the keyed riverside pile cap. The total width of the
pile cap is 19'-37. 1In a cross gection through the wall,
three driven 15.5-inch diameter concrete piles support the
pile cap. HNondestructive subsurface investigations
concluded that one area of the floodwall has piles with a

length of 19 feet below the pile cap.

The structural engineers needed ultimate geotechnical
regsistance of the driven piles. The subsurface
investigation boring results were used to determine a
cohegionless strength of the foundation sandgs adijacent to
and below the piles. Both sgide regigtance and end bearing
was considered to determine the ultimate geotechnical

regigtance of the piles.

Side Resistance, The side registance, Q., that

develops adjacent to the piles is dependent on the
constructicon placement procedure, the correlated soil
strength, the length and diameter of the piles, and the

pore pressures developed during leoading along the piles.
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The loading conditione include end of construction and

varying river stages.

The side resistance calculated for a given increment

of depth Al below the pile cap was computed using the

equation ASR = fsr, * AAREA where fsr, is the side resistance

strength of the sand at depth z below the ground surface.

The side resistance of the sand acts upon AAREA of the pile.
ARREA is the perimeter of the piles for the length Al or

ABREA = 1 * d * Al with 4 being the diameter of the pile.

The gide registance of the gand is dependent on the

correlated effective friction angle of the sand at depth =z=.

The lateral earth forces acting upon the incremental Al and

the effective pore pressure acts upon the incremental area

of the pile, AARER. The pore pressure is calculated based

on the river stage, or head (H)}) acting on the flood wall
and the sand foundation. The pore pressures were
calculated using a simple two dimensional flow net based on
the cross section of the flood wall and its foundation.

The foundation is mestly sand with very little to no
impervious blanket. 7The flow net provided eqguipotential
drop lines from full head. These lines were used to
determine the pore pressures along the piles for various
river stages.

The magnitude of the effective presgure acting along
the sides of the piles is gensitive to the placement
techniques used to construct the piles. The piles were
driven. The magnitude of the compressional coefficient of
pressure used for analysis, K., was set to 1.0. EM 1110-2-

2906 allows 1.0 to 2.0. The effective lateral pressure was
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reduced by the pore pressure developed for each river stage
used in the analysis. 7The effective lateral pressure was
multiplied by the effective friction angle for sand acting
on a concrete surface, ¢'. The values suggested in EM 1110-
2-2906 ranged from 0.9¢' to 1.0¢’. The values used for the
analysis are more conservative than the EM and are
consistent with that suggested by Reese. The value 8’ used
was ¢‘-5°. DSR

The incremental side resigtance, ASR, was computed

as fy * AAREA or [{op, — ) * Kol * [tan{d’) * ma*d*(Al,)].

Where o4, ig the total pregsure at depth z;
and ez is the pore pressure at depth z;

and Al is the increment length of pile at depth =z.

The spreadsheet calculates the registance for each
increment and adds the increments as the depth z increases.
A total ultimate capacity is provided at the bottom for the

total length of the pile.

End Bearing Resigtance. The end bearing pressure

acting on the area below the pile provides the end bearing

capacity. The end bearing capacity is dependent on the
effective friction angle of the sand, the effective
overburden pressures below the pile and the cross sectional

area of the bottom of the pile.

Qv = e * Ay below pile for depth =
Where gy = &' * Ny, Ny is the expected value of the

bearing capacity factor dependent of the overburden
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surcharge loading {(depth of socoil} and the area of the
bottom of the pile, Ay, is m * (d/2)? , with d being the

diameter of the pile.

The bearing capacity factor used the mean values of

Figure 4-4. The equation used in the spreadsheet was

Ng = 0.8158 * e{0-1185%")  phe values used for 0.’ were based

on the total overburden pressure less the pore pressures,

Gyt - e, developed for each river stage. The pore

pressure was determined using the flow net.

Ultimate Pile Capacity. The ultimate capacity of the

pile is determined by adding the side ressitance and the

end bearing ressitance,

Results of the analysis. The results are provided for the

landside, middle and riverside piles. A series of results

are provided for the mean, mean - 1 standaxrd deviation,

mean + 1 standard deviation and for the one third ¢’
strength selection of the friction angle at the base of the
piles. The friction angle along the sides of the piles
varied with depth dependent on the blow counts taken.

These values were also adjusted to provide mean, mean-1,
mean+1l and cne third strength values with depth. The
results were provided for height of water con the flood wall

of 8, 13 and 18 feet.
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Table 1 provides a summary of typical reported values for the coefficients of ’
variation of commonly encountered geotechnical parameters. More detailed com-

ment regarding the observed variability of relevant parameters is provided in the

subsequent sections.

Table 1 \/ s
Coefficients of Variation for Geotechnical Parameters Ly g)
Coefflcient of )
Parameter Variation, percent | Reference _ (r*__ y /’ & [ e
Unit waight 3 Hammitt (1966), ' '
cited by Harr {1987}
4108 assumed by Shannon and Wilson, Inc.,, and
Wolf (1994}
orained strength of sand & 3.7109.3 Direct shear tests, Mississippi River Lock Use {09 =V
arud Dam No. 2, Shannon and Wilson, Inc.,
ang Wolff {1994)
12 Schulize (1972), cited by Harr {1887}
Drained strength of clay ¢ 7510 10.1 S tests on compacted ¢lay at Cannon Dam,
i Wolf {1985)
Undrained strength of clay s 40 Frediund and Dahiman (1872) cited by Harr
{1987)
30 1o 40 Assurned by Shannon and Witson, Ing,, and
Woltt {1954}
111045 (1 tests on compacted clay at Cannon Dam,
Woitf (1385) ’
Strangth-to-effective stress ratio |31 Clay at Mississippi River Lock and Dam
s,/ 0\, No. 2, Shannon and Wilson, Inc., and Wollf
{1994)
Coeflicient of permeability k 90 For saturatad soils, Nielson, Biggar, and
£ (1973) cited by Harr (1987}
Permeability of top blanket clay | 2010 30 Derived from assumed distribution,
Kp Shannon and Wilson, inc., and Wollt (1284}
Permeability of foundation sands { 20 to 30 For average permeability ovar thickness of
Ky aquiter, Shannon and Wilson, Inc., and
Wolff {1954}
Permeability ratio ky / kg, 40 Derived vsing 30% for k, and k,; 568
Annex 8
Parmaabifity of embankment 30 Assumed by Shanncn and Wilsen, Inc., and
sand Wotlf {1994}

Unit Weight of Soil Materials

The coefficient of variation of the unit weight of soil material is usvally on the
order of 3 to 8 percent. In slope stability problems, uncertainty in unit weight
usually contributes little to the overall uncertainty, which is dominated by soil
strength. For stability problems. it can usuvally be taken as a deterministic variable
in order to reduce the number of random variables and simplify calculations. ¥t

B-30
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EM 1110-2-2%906
15 Jan 91

where
¢, = adhesion between the clay and the pile
a = adhesion factor
¢ = undrained shear strength of the clay from a Q test

The values of a as a function of the undrained shear are given in
Figure 4-5a,

300
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‘.—
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¢ , ANGLE OF INTERANAL FRICTION

Figure 4-4. Bearing capacity factor

An alternate procedure developed by Semple and Rigden (Item 56) to obtain
values of a which is especially applicable for very long piles is given in
Figure 4-5b where:

a = C!laz

and
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EXHIBIT A-7.16
Fairfax-Jersey Creek Flood Wall
Flownet
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EXHIBIT A-7.17
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EXHIBIT A-7.18
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EXHIBIT A-7.19
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EXHIBIT A-7.20
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EXHIBIT A-7.21

Fairfax Floodwall Study Feasibility | [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers [
Riverside Pile | Water depth not encountered | Designer : Loehr 12/10/2004 | t=(ot-u,)*tand’ Perimeter =2 * pi *r = | 4.058 feet
Geotechnology Results | Checker : Kuzniakowski 12/2004 | Using ysat = 125 pcf | Using Ko = 1 Driven piers Area = pi * radius"2 | 1.310 sqft
Head = 8 Automatic Trip Hammer |Use 80% | \
e -(1) -(2)
t
Uncorrected Material Uncorrected Material Uncorrected Material :/I:Zr? Conversion |Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from|  Effective Effective Ultimate |Total Side Rst Ngp
Blow count Blow count Blow count Value Automatic Phi Angle |Schmertmann |Overburden [(1) AND (2)f 8§=¢-5 Depth Pressure  [Flow Net along Overburden | Overburden | Shear along Along Pier End Bearing | End Bearing | End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Anglg Pressure Along Pile  |Riverside Pile Pressure Pressure Length Length coefficient Pressure Resistance [and End Bearing|
B-16 B-21 B-23 Use 1.2 Degrees |Fig 14 Degrees (kgf / sq cm)| degrees | degrees Psf Psf ov', Psf o h', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth (# drops) Driven Piers
Note : Use K=1
0 1Tsf= 27 22 0 0 | 0 I 0 I 0 I 0 [ 0 [ 1895 | 0 | 0 | 0
0.976 kgf /
27 22 3 375 I 300 | 66 [ 66 [ 0 I 0 [ 1895 [ 1253 | 0 [ 0
Base of Floodwall : 3.5 feet 5.6
5 84 862
27 22 6 750 [ 501 [ 249 | 249 | [ 862 [ 1895 [ 4716 | 6180 [ 7042
55
136.94 1667
27 22 9 1125 | 696 | 429 | 429 | I 2529 [ 1895 | 8131 | 106556 | 13184
10 5.35
11 4 Silty Sand 206.67 2516
12 3 3.6 29 25 0.703 27 22 12 1500 | 906 | 594 | 594 | [ 5045 [ 1895 [ 11258 | 14752 | 19798
4.9
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 280.75 3418
28 23 15 18756 | 1113 | 762 | 762 | I 8463 [ 2129 [ 16216 | 21249 | 29712
16 5 Silty Sand 5 6 29 29 0.937 29 24 45
17 3 Silty Sand 4 Silty Clay 29.5 245 376.35 4582
30 25 18 2250 | 1321 | 929 | 929 | [ 13045 | 2688 | 24974 | 32725 | 45770
19 8 Silty Sand 10 Silt 7 4.1
20 Sand 75 9 28.5 32 1.171 30.25 25.25 476.71 5803
21 8 Silty Sand 30.3 253 21 2625 1523 1102 1102 [ 18848 27.84 30667 40184 59033
3.8 544.19 3312
225 18 Sand 10 Sand 30.5 255 225 2812.5 1622 1190 1190 567.83 | 22160 28.49 33921 44448 66609
Pier Bottom 3.7
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 22160 44448 66609 "
For Ultimate
Pounds Pounds Pounds Displacement expect
Sum of Side End Sum of Total 10% ‘;' ier diame?er or]
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance ° 1P8 inches
19' length pier 19' length pier | 19’ length pier .
29 14 Sand 18 Sand 17 Sand 29
30 14 16.8 31 35 1.757 33 30
32 17 Sand 20 Sand 12 Sand 32 Notes:  [Nqgp from Figure 4-4 of EM 1110-2-2¢ with equation developed a N = 0.8158¢(0.1165% ")
gp = ov' * Ngp
34 32 Sand 19 Sand 9 Sand 34
35 35
T ] Ter = Sum (tg ), AT =1 T |
37 17 Sand 13 Sand 11 Sand 37
39 20 Sand 42 Sand 12 Sand 20 24 33 33 2.284 33 39 Example : at | = 9 feet; Side resistance =[ (66+249)/2 * (6-3.5)*4.058*tan 22) ] + [ (249+429)/2 * (9-6)*4.058"tan 22) ] = 2529
42 19 Sand 31 Sand 28 Sand 42
44 37 Sand 36 Sand 23 Sand 44 E I?refsutl:ellgong S'?r D:r to " Net Head Above Landside Existing Ground Surface:
quipotential Drop Using Flow ne Net Head = h-Ah*(#Drops)
46 25 30 35 37 2.694 36 46 h = head above landside ground surface due to the river level
47 23 Sand 33 Sand 17 Sand 47 Ah = head drop for one equipotential drop =h /N,
Ne = total equipotential drops
49 20 Sand 21 Sand 18 Sand 49 # Drops : total increment of equipotential drop to the location in the foundation
along the pier.
NOTES: Example : Pier 3, 6 feet below the top of the landside ground surface
1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. for 8 feet of water on the floodwall h=8'-1.5'=6.5"
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships. N, from the flow net = 8
3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures. Ah =h/N, =6.5/8 =0.813
4. The depth is considered negative below the landside ground surface to determine the total pressure head. # Drops = 6
Net Head above landside ground surface = 6.5 - (0.813)5.5 = 2.02'
Total pressure at 6 feet ; Pg
Ps = (Net head - elevation head) * Unit weight of water
Ps=(2.02-(-6))*62.4
Pgs = 501 psf
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EXHIBIT A-7.21 (Continued)

Fairfax Floodwall Study Feasibility | [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers [
Riverside Pile | Water depth not encountered | | Designer : Loehr 12/10/2004 | T=(ot-u,)*tand"’ Perimeter =2 * pi *r = | 4.058  feet
Geotechnology Results bhecker : Kuzniakowski 12/2004 | Using ysat = 125 pcf | Using Ko=1-sin¢’ Area = pi * radius"2 | 1.310 sqft
Water at TOW Head =13 Automatic Trip Hammer |Use 80% |
-(1) -(2)
Uncorrected Material Uncorrected Material Uncorrected Material ‘ ;\:/II:::U Conversion |Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from|  Effective Effective Ultimate |Side Resistance Ngp
Blowcount Blowcount Blowcount Automatic Phi Angle |Schmertmann |Overburden [(1) AND (2)| 8§=¢-5 Depth Pressure  [Flow Net along Overburden | Overburden | Shear along Along Pier End Bearing | End Bearing | End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Anglg Pressure Along Pile | Riverside Pile| Pressure Pressure Length Length coefficient Pressure Resistance [and End Bearing|
B-16 | B-21 | | B-23 | Use 1.2 Degrees |Fig 14 Degrees (kgf / sq cm)| degrees | degrees Psf Psf ov', Psf o h', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers
Note : Use K=1
0 1Tsf= 27 22 0 0 | 0 I 0 I 0 I 0 | 0 I I | I
0.976 kgf /
27 22 3 375 [ 402 | 0 T 0 T I 0 T T I T
Top of Pile : 3.5' 35 5.6
5 31 310
27 22 6 750 | 599 | 151 [ 151 ] | 310 [ 1895 | 2868 | 3759 | 4069
55
96 1173
27 22 9 1125 | 799 | 326 | 326 | I 1483 [ 1895 [ 6173 | 8088 | 9572
10 5.35
11 4 Silty Sand 161 1964
12 3 3.6 29 25 0.703 27 22 12 1500 | 1027 | 473 | 4713 | | 3448 [ 1895 | 8967 | 11750 | 15198
4.9
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 227 2769
28 23 15 1875 | 1250 | 625 | 625 | I 6217 [ 2129 [ 13310 | 17440 | 23657
16 5 Silty Sand 5 6 29 29 0.937 29 24 45
17 3 Silty Sand 4 Silty Clay 29.5 245 312 3799
30 25 18 2250 | 1473 | 777 [ 777 | | 10016 | 26.88 | 20886 | 27368 | _ 37384
19 8 Silty Sand 10 Silt 7 4.1
20 Sand 75 9 28.5 32 1.171 30.25 25.25 403 4901
21 8 Silty Sand 30.3 253 21 2625 1687 938 938 [ 14917 27.84 26107 34210 49126
3.8 465 2833
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1790 1023 1023 17750 28.49 29143 38187 55937
3.7 17750 38187 55937 For Ultimate
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 Pounds Pounds Pounds Displacement expect
Sum of Side Sum of Side | Sum of Side . "
. . . 10% of pier diameter or|
Resistance Resistance Resistance 1.8 inches
27 5 Sand 20 Sand 32 Sand 27 19' length pier 19' length pier | 19’ length pier )
NOTES: Notes : Ngp from Figure 4-4 of EM 1110-2-2¢ with equation developed a Nq = 0.8158e(0.1165*)")
1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. qp = oV' * Ngp

2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.

3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.
4. The depth is considered negative below the landside ground surface to determine the total pressure head.

Side resistance Along Pier = Sum (tg*Areay) , dl = incremental pile length

Example : at | = 9 feet; Side resistance =[ (0+151)/2 * (6-3.5)*4.058*tan 22) ] + [ (151+326)/2 * (9-6)*4.058*tan 22) | = 1483

Pressure Along Pier Due to

Equipotential Drop Using Flow net

Net Head Above Landside Existing Ground Surface:
Net Head = h-Ah*(#Drops)
h = head above landside ground surface due to the river level
Ah = head drop for one equipotential drop =h /N,
Ne = total equipotential drops
# Drops : total increment of equipotential drop to the location in the foundation
along the pier.

Example : Pier 3, 6 feet below the top of the landside ground surface

for 13 feet of water on the floodwall h=13'-1.5'=11.¢
N, from the flow net = 8
Ah =h/N, =11.5/8 = 1.4375
# Drops =5.5
Net Head above landside ground surface = 11.5 - (1.4375)5.5 = 3.60'
Total pressure at 6 feet ; Pg
Ps = (Net head - elevation head) * Unit weight of water
Ps=(3.60-(-6))*62.4
Pg = 599 psf
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EXHIBIT A-7.21 (Continued)

Fairfax Floodwall Study Feasibility [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers I
Riverside Pile Water depth not encountered | Designer : Loehr 12/10/2004 | T=(ot-,)*tand’ Perimeter =2 *pi *r = | 4.058 feet
Geotechnology Results bhecker : Kuzniakowski 12/2004 | Using ysat = 125 pcf | Using Ko =1-sin¢’ Area = pi * radius"2 | 1.310 sqft
Water at TOW Head =18 Automatic Trip Hammer [Use 80% |
(1) .(2) Full Head Conditions =====> Head = 18 feet
Uncorrected Material Uncorrected Material Uncorrected Material ‘ DF/'I:::U Conversion |Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from|  Effective Effective Ultimate  |Side Resistance Ngo
Blowcount Blowcount Blowcount Automatic Phi Angle |Schmertmann |Overburden [(1) AND (2)f 8=¢-5 Depth Pressure  [Flow Net along Overburden | Overburden | Shear along Along Pier End Bearing | End Bearing | End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Anglgl Pressure Along Pile | Riverside Pile| Pressure Pressure Length Length coefficient Pressure Resistance [and End Bearing|
B-16 B-21 B-23 Use 1.2 Degrees [Fig 14 Degreeq (kgf / sq cm)| degrees | degrees Psf Psf ov', Psf ch' Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers
Note : Use K=1
0 1Tsf= 27 22 0 0 I 0 T 0 T 0 0 I 0 T T I T
0.976 kgf / 0 0
27 22 3 375 [ 496 | 0 I 0 0 | 0 I I | I
3.5 5.6
5 10.88 27
27 22 6 750 [ 696 | 54 T 54 I 27 [ 1895 [ 1021 | 1337 | 1365
55
55.79 679
27 22 9 1125 | 903 | 222 | 222 | 706 [ 1895 | 4214 | 5522 | 6228
10 5.35
" 4 Silty Sand 116.07 1413
12 3 3.6 29 25 0.703 27 22 12 1500 | 1148 | 352 | 352 I 2119 [ 1895 | 6675 | 8747 | 10867
4.9
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 174.13 2120
28 23 15 1875 | 1386 | 489 | 489 | 4239 [ 2129 [ 10403 | 13632 | 17871
16 5 Silty Sand 5 6 29 29 0.937 29 24 45
17 3 Silty Sand 4 Silty Clay 29.5 245 247.86 3017
30 25 18 2250 | 1625 | 625 | 625 I 7257 [ 2688 | 16797 | 22010 | 29267
19 8 Silty Sand 10 Silt 7 4.1
20 Sand 75 9 28.5 32 1.171 30.25 25.25 328.40 3998
21 8 Silty Sand 30.3 25.3 21 2625 1851 774 774 [ 11254 27.84 21547 28235 39489
22 18 Sand 10 Sand 30.5 255 3.8 386.79 2354
30.5 255 225 2812.5 1957 855 855 13609 28.49 24364 31926 45534
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 3.7 13609 31926 45534 F "
or Ultimate
Pounds Pounds Pounds Displacement expect
Sum of Side Sum of Side | Sum of Side 10% of pier diameter o
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance 1.8 inches
19' length pier 19' length pier | 19’ length pier :
NOTES: Notes :  |Ngp from Figure 4-4 of EM 1110-2-2¢ with equation developed a Nq = 0.8158¢(0.1165% ")

1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23.
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.
4. The depth is considered negative below the landside ground surface to determine the total pressure head.
where pressure head = Net head above landside ground surface - depth below landside ground surface

gp = oV' * Ngp

Side resistance Along Pier = Sum (tg4*Areay) , dl = incremental pile length

Example : at | = 9 feet; Side resistance =[ (0+54)/2 * (6-3.5)*4.058"tan 22) ] + [ (54+222)/2 * (9-6)*4.058*tan 22) ] = 706

Pressure Along Pier Due to
Equipotential Drop Using Flow net

Net Head Above Landside Existing Ground Surface:

Net Head = h-Ah*(#Drops)

h = head above landside ground surface due to the river level
Ah = head drop for one equipotential drop =h /N,

Ne = total equipotential drops
# Drops : total increment of equipotential drop to the location in the foundatiol

along the pier.

Example :

Net Head above landside ground surface = 16.5 - (2.06)5.5 = 5.17

Pier 3, 6 feet below the top of the landside ground surface
for 18 feet of water on the floodwall h=18"'-1.5'=16.!
N, from the flow net = 8
Ah =h/N, = 16.5/8 = 2.06
# Drops = 6.75

Total pressure at 6 feet ; Pg

Ps = (Net head - elevation head) * Unit weight of water
Pg=(5.17-(-6) ) * 62.4
Pg = 696 psf
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EXHIBIT A-7.22

Fairfax Floodwall Study Feasibility [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers [
Middle Pier | Water depth not encountered | Designer : Loehr 12/10/2004 | T=(ot-p,)* tan 3’ Perimeter =2 * pi * r = | 4.058 feet
Geotechnology Results | Checker : Kuzniakowski 12/2004 | Using ysat = 125 pcf | Using Ko = 1 Driven piers Area = pi * radius*2 | 1.310 sqft
Head = 8 Automatic Trip Hammer [Use 80% | \
e -(1) -(2)
Uncorrected Material Uncorrected Material Uncorrected Material :/IZZr? Conversion |Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from Effective Effective Ultimate  [Total Side Rst Ngp
Blow count Blow count Blow count Value Automatic Phi Angle |Schmertmann | Overburden [(1) AND (2)] 8=¢-5 Depth Pressure  [Flow Net along| Overburden | Overburden [ Shear along Along Pier End Bearing | End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle| Pressure Along Pile Middle Pile Pressure Pressure Length Length coefficient Pressure Resistance [and End Bearing
B-16 B-21 B-23 Use 1.2 Degrees [Fig 14 Degrees| (kgf / sq cm) | degrees degrees Psf Psf o V', Psf o h', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth (# drops) Driven Piers
Note : Use K =1
0 1Tsf= 27 22 0 0 I 0 | 0 I 0 I 0 I 0 I 18.95 | 0 I 0 | 0
0.976 kgf /
27 22 3 375 I 278 [ 97 I 97 I 0 I 0 [ 1895 | 1830 | 0 [ 0
Base of Floodwall : 3.5 feet 6.2
5 84 862
27 22 6 750 I 476 | 274 I 274 I I 862 I 18.95 | 5197 I 6809 | 7672
6
145.65 1773
27 22 9 1125 I 678 [ 447 I 447 I I 2635 [ 1895 | 8468 | 11096 | 13731
10 5.7
11 4 Silty Sand 214.36 2609
12 3 3.6 29 25 0.703 27 22 12 1500 | 886 I 614 | 614 | | 5245 [ 1895 [ 11642 | 15256 | 20501
5.3
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 290.20 3533
28 23 15 1875 [ 1088 | 787 I 787 I I 8778 [ 2129 | 16756 | 21956 | 30734
16 5 Silty Sand 5 6 29 29 0.937 29 24 5
17 3 Silty Sand 4 Silty Clay 29.5 24.5 388.77 4733
30 25 18 2250 I 1291 | 959 I 959 I I 13510 I 26.88 | 25792 | 33797 | 47307
19 8 Silty Sand 10 Silt 7 4.7
20 Sand 7.5 9 285 32 1171 30.25 25.25 490.99 5977
21 8 Silty Sand 30.3 25.3 21 2625 1493 1132 1132 [ 19488 27.84 31514 41294 60782
4.4 558.64 3400
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1592 1221 1221 582.34 | 22888 28.49 34788 45584 68472
Pier Bottom 4.3
24 2 Silty Sand 15 Sand 4 Sand 10 12 295 33 1.405 31.25 26.25 24 3000 22888 45584 68472 For Ultimate
Pounds Pounds Pounds Displacement expect
Sum of Side End Sum of Total [ LsPEEEmET b
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance 00 1p;e.r lhame er or
19' length pier 19' length pier | 19' length pier -6 Inches
29 14 Sand 18 Sand 17 Sand 29
30 14 16.8 31 35 1.757 33 30
32 17 Sand 20 Sand 12 Sand 32 Notes:  [Ngp from Figure 4-4 of EM 1710-2-291with equation developed as Nq = 0.8158e(0.1165%)")
gp = oV' * Ngp
34 32 Sand 19 Sand 9 Sand 34
35 35
= Tal q) , AT = |
37 17 Sand 13 Sand 11 Sand 37
39 20 Sand 42 Sand 12 Sand 20 24 33 33 2.284 33 39 Example : at | = 9 feet; Side resistance =[ (97+274)/2 * (6-3.5)*4.058*tan 22) ] + [ (274+447)/2 * (9-6)*4.058*tan 22) ] = 2635
42 19 Sand 31 Sand 28 Sand 42
44 37 Sand 36 Sand 23 Sand 44 E F_’refsutlje Il-})long S'?r Dﬁr to ¢ Net Head Above Landside Existing Ground Surface:
quipotential Drop Using Flow ne Net Head = h-Ah*(#Drops)
46 25 30 35 37 2.694 36 46 h = head above landside ground surface due to the river level
47 23 Sand 33 Sand 17 Sand 47 Ah = head drop for one equipotential drop = h /N,
Ne = total equipotential drops
49 20 Sand 21 Sand 18 Sand 49 # Drops : total increment of equipotential drop to the location in the foundation
along the pier.
NOTES: Example : Pier 3, 6 feet below the top of the landside ground surface
1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. for 8 feet of water on the floodwall h=8'-1.5'=6.5'
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships. N, from the flow net = 8
3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures. Ah =h/N, =6.5/8 =0.813
4. The depth is considered negative below the landside ground surface to determine the total pressure head. # Drops = 6
where pressure head = Net head above landside ground surface - depth below landside ground surface Net Head above landside ground surface = 6.5 - (0.813)6 = 1.622'
Total pressure at 6 feet ; Pg
Ps = (Net head - elevation head) * Unit weight of water
Ps=(1.622-(-6) ) * 62.4
Pg = 476 psf
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EXHIBIT A-7.22 (Continued)

Fairfax Floodwall Study Feasibility | [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers [
Middle Pile Water depth not encountered Designer : Loehr 12/10/2004 T=(ot-,) " tan s’ Perimeter =2 * pi*r = 4.058  feet
Geotechnology Results | Checker : Kuzniakowski 12/2004 Using ysat = 125 pcf | Using Ko=1-sin ¢’ Area = pi * radius”"2 1.310 sqft
Water at TOW Head =13' Automatic Trip Hammer |Use 80% |
-(1) -(2)
Uncorrected . Uncorrected . Uncorrected . Selected Conversion |Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from|  Effective Effective Ultimate  |Side Resistance Ngp
Material Material Material Mean
Blowcount Blowcount Blowcount Value Automatic Phi Angle |Schmertmann | Overburden [(1) AND (2)] 8=¢-5 Depth Pressure  [Flow Net along| Overburden | Overburden [ Shear along Along Pier End Bearing | End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle| Pressure Along Pier Middle Pile Pressure Pressure Length Length coefficient Pressure Resistance [and End Bearing
B-16 B-21 B-23 Use 1.2 Degrees |Fig 14 Degrees| (kgf/ sqcm)| degrees | degrees Psf Psf ov', Psf ch', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers
Note : Use K =1
0 1Tsf= 27 22 0 0 I 0 T 0 I 0 I 0 I 0 I T I T
0.976 kgf /
27 22 3 375 I 349 | 26 I 26 I I 0 I | I |
op of Pile : 3.5' 35 6.2
5 45 456
27 22 6 750 I 554 T 196 I 196 | I 456 [ 1895 [ 3718 | 4872 T 5328
6
112 1361
27 22 9 1125 I 768 | 357 I 357 I I 1817 I 18.95 | 6768 I 8868 | 10685
10 5.7
11 4 Silty Sand 175 2130
12 3 3.6 29 25 0.703 27 22 12 1500 I 991 T 509 I 509 | I 3947 [ 1895 [ 9647 | 12641 | 16587
5.3
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 244 2972
28 23 15 1875 I 1205 | 670 I 670 I I 6919 I 21.29 | 14265 I 18692 | 25611
16 5 Silty Sand 5 6 29 29 0.937 29 24 5
17 3 Silty Sand 4 Silty Clay 29.5 245 334 4067
30 25 18 2250 [ 1419 | 831 I 831 I I 10986 [ 2688 | 22332 | 29263 | _ 40249
19 8 Silty Sand 10 Silt 7 4.7
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25 428 5208
21 8 Silty Sand 30.3 25.3 21 2625 1633 992 992 I 16194 27.84 27605 36173 52367
4.4 491 2989
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1736 1077 1077 19183 28.49 30676 40196 59379
43 19183 40196 59379 For Ultimate
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 Pounds Pounds Pounds Displacement expect
Sum of Side Sum of Side | Sum of Side |, P cooment exp
Resistance Resistance Resistance 10% of ple.r diameter or
27 5 Sand 20 Sand 32 Sand 27 19' length pier 19' length pier | 19' length pier 1.8 inches
NOTES: Notes : Ngp from Figure 4-4 of EM 1110-2-29(with equation developed as Nq = 0.8158e(0.1165%¢")

1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23.

2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.

3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.
4. The depth is considered negative below the landside ground surface to determine the total pressure head.

gp = oV' * Ngp

Side resistance Along Pier = Sum (tq*Areay) , dl = incremental pile length

Example : at | = 9 feet; Side resistance =[ (26+196)/2 * (6-3.5)*4.058"tan 22) | + [ (196+357)/2 * (9-6)*4.058"tan 22) ] = 1817

Pressure Along Pier Due to

. . . Net Head Above Landside Existing Ground Surface:
Equipotential Drop Using Flow net

Net Head = h-Ah*(#Drops)
h = head above landside ground surface due to the river level
Ah = head drop for one equipotential drop = h /N,
Ne = total equipotential drops
# Drops : total increment of equipotential drop to the location in the foundation
along the pier.

Example : Pier 3, 6 feet below the top of the landside ground surface

for 13 feet of water on the floodwall h=13"'-1.5"'=11.5'
N, from the flow net = 8
Ah = h/N, = 11.5/8 = 1.4375
# Drops = 6.75

Net Head above landside ground surface = 11.5 - (1.4375)6 = 2.88'
Total pressure at 6 feet ; Pg

Ps = (Net head - elevation head) * Unit weight of water

Ps=(2.88-(-6))*62.4
Pg = 554 psf
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EXHIBIT A-7.22 (Continued)

Fairfax Floodwall Study Feasibility | [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers [
Middle Pile Water depth not encountered | Designer : Loehr 12/10/2004 | T=(ot-p,)*tand"’ Perimeter =2 * pi *r = | 4.058 feet
Geotechnology Results | bhecker : Kuzniakowski 12/2004 | Using ysat = 125 pcf | Using Ko=1-sin ¢' Area = pi * radius*2 | 1.310 sqft
Water at TOW Head =18' Automatic Trip Hammer [Use 80% |
(1) -(2) Full Head Conditions =====> Head = 18 feet
Uncorrected Material Uncorrected Material Uncorrected Material ;\:/II:::U Conversion |Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from|  Effective Effective Ultimate  |Side Resistance Ngp
Blowcount Blowcount Blowcount Automatic Phi Angle |Schmertmann | Overburden [(1) AND (2)] 8=¢-5 Depth Pressure  [Flow Net along| Overburden | Overburden [ Shear along Along Pier End Bearing | End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle| Pressure Along Pier Middle Pile Pressure Pressure Length Length coefficient Pressure Resistance [and End Bearing
B-16 B-21 B-23 Use 1.2 Degrees [Fig 14 Degrees| (kgf / sq cm) | degrees degrees Psf Psf o V', Psf o h', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers
Note : Use K =1
0 1Tsf= 27 22 0 0 I 0 | 0 I 0 0 I 0 I | I |
0.976 kgf / 0 0
27 22 3 375 I 419 | 0 I 0 0 I 0 I T I T
35 6.2
5 23.88 60
27 22 6 750 I 632 | 118 I 118 I 60 I 18.95 | 2240 I 2935 | 2995
6
77.89 948
27 22 9 1125 | 858 | 267 I 267 I 1008 [ 1895 [ 5068 | 6640 T 7648
10 5.7
11 4 Silty Sand 135.57 1650
12 3 3.6 29 25 0.703 27 22 12 1500 I 1096 | 404 I 404 I 2658 I 18.95 | 7651 I 10026 | 12684
5.3
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 198.12 2412
28 23 15 1875 | 1322 | 553 I 553 I 5070 [ 2129 [ 1773 | 15427 | 20497
16 5 Silty Sand 5 6 29 29 0.937 29 24 5
17 3 Silty Sand 4 Silty Clay 29.5 24.5 279.38 3401
30 25 18 2250 I 1548 | 702 I 702 I 8471 I 26.88 | 18873 I 24730 | 33201
19 8 Silty Sand 10 Silt 7 4.7
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25 364.65 4439
21 8 Silty Sand 30.3 25.3 21 2625 1774 851 851 [ 12910 27.84 23697 31052 43962
22 18 Sand 10 Sand 30.5 25.5 44 423.45 2577
30.5| 255 225 2812.5 1880 932 932 15488 28.49 26564 34809 50297
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 43 ;:1548: p34803 PSOZQ;I For Ultimate
ounds ounds ounds .
Sum of Side Sum of Side | Sum of Side 13;:’;?;?:2?;;’;?;’1
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance 1.8 inches
19' length pier 19' length pier | 19' length pier )
NOTES: Notes : Ngp from Figure 4-4 of EM 1110-2-29(with equation developed as Nq = 0.8158e(0.1165*¢ ")

1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23.

2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.
4. The depth is considered negative below the landside ground surface to determine the total pressure head.

G = ov' " Ngp

Side resistance Along Pier = Sum (t4*Areay) , dl = incremental pile length

Example : at | = 9 feet; Side resistance =[ (0+118)/2 * (6-3.5)*4.058*tan 22) ] + [ (118+267)/2 * (9-6)*4.058*tan 22) ] = 1008

Pressure Along Pier Due to
Equipotential Drop Using Flow net

Net Head Above Landside Existing Ground Surface:
Net Head = h-Ah*(#Drops)
h = head above landside ground surface due to the river level
Ah = head drop for one equipotential drop = h /N,
Ne = total equipotential drops
# Drops : total increment of equipotential drop to the location in the foundation
along the pier.

Example : Pier 3, 6 feet below the top of the landside ground surface
for 13 feet of water on the floodwall h=18'-1.5'=16.5'

N, from the flow net = 8
Ah = h/N, = 16.5/8 = 2.06
# Drops = 6
Net Head above landside ground surface = 16.5 - (2.06)6 = 4.14'
Total pressure at 6 feet ; Pg
Ps = (Net head - elevation head) * Unit weight of water
Pe=(4.14-(-6) ) * 62.4
Pg = 632 psf
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EXHIBIT A-7.23

Fairfax Floodwall Study Feasibility | |Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers
Landside Pile [ Water depth not encountered | Designer : Loehr 12/10/2004 | T=(ot-y,) tan s’ Perimeter =2 * pi*r = [ 4058 feet
Geotechnology Results Phecker : Kuzniakowski 12/2004 | Using ysat = 125 pcf | Using Ko = 1 Driven piers Area = pi * radius"2 | 1.310 sqft
Head = 8 Automatic Trip Hammer [Use 80% | \
e (1) -(2)
Uncorrected Material Uncorrected Material Uncorrected Material i/lz(:: Conversion |Sowers 1979|DeMello 1971 Effective [Average of Total Pressure from Effective Effective Ultimate  |Total Side Rst Ngp
Blow count Blow count Blow count Value Automatic Phi Angle |Schmertmann |Overburden [(1) AND (2){ 8=¢-5 Depth Pressure  [Flow Net along| Overburden | Overburden | Shear along Along Pier End Bearing | End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle[ Pressure Along Pile |Landside Pile Pressure Pressure Length Length coefficient Pressure Resistance |and End Bearing
B-16 B-21 B-23 Use 1.2 Degrees [Fig 14 Degrees| (kgf/sqcm)| degrees | degrees Psf Psf cv', Psf o h', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth (# drops) Driven Piers
Note : Use K =1
0 1Tsf= 27 22 0 0 [ 0 I 0 [ 0 0 0 [ 1895 | 0 [ 0 I 0
0.976 kgf /
27 22 3 375 | 238 I 137 | 137 0 0 | 18.95 I 2598 | 0 I 0
Base of Floodwall : 3.5 feet 7
5 84 862
27 22 6 750 [ 438 I 312 [ 312 862 [ 1895 | 5917 | 7754 I 8616
6.75
158.96 1935
27 22 9 1125 | 650 I 475 | 475 2798 | 18.95 I 8996 | 11788 I 14586
10 6.25
11 4 Silty Sand 224.60 2734
12 3 3.6 29 25 0.703 27 22 12 1500 [ 863 I 637 [ 637 5532 [ 1895 | 12075 | 15822 | 21354
5.75
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 300.17 3654
28 23 15 1875 | 1063 I 812 | 812 9186 | 21.29 I 17296 | 22664 I 31850
16 5 Silty Sand 5 6 29 29 0.937 29 24 55
17 3 Silty Sand 4 Silty Clay 295 245 398.93 4856
30 25 18 2250 [ 1270 | 980 [ 980 14042 [ 2688 | 26337 | 34511 I 48553
19 8 Silty Sand 10 Silt 7 5.1
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25 500.51 6093
21 8 Silty Sand 30.3 253 21 2625 1473 1152 1152 20135 27.84 32078 42034 62169
4.8 568.27 3459
225 18 Sand 10 Sand 30.5 255 22.5 2812.5 1571 1241 1241 592.01 23594 28.49 35365 46341 69936
Pier Bottom 4.7
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 23594 46341 69936 For Ultimate
Pounds_ Pounds Pounds Displacement expect
Sum of Side End Sum of Total 10% of pier diameter or
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance ° 1"8 inch
19' length pier 19' length pier | 19' length pier -8 Inches
29 14 Sand 18 Sand 17 Sand 29
30 14 16.8 31 35 1.757 33 30
32 17 Sand 20 Sand 12 Sand 32 Notes:  [Ngp from Figure 4-4 of EM 1110-2-291 with equation developed as Nq = 0.8158¢(0.1165%¢")
gp = ov' " Ngp
34 32 Sand 19 Sand 9 Sand 34
35 35
Side resistance Along Pier = Sum (tq*Areay) , dl = incremental pile length
37 17 Sand 13 Sand 1" Sand 37
39 20 Sand 42 Sand 12 Sand 20 24 33 33 2.284 33 39 Example : at | = 9 feet; Side resistance =[ (137+312)/2 * (6-3.5)*4.058"tan 22) ] + [ (312+475)/2 * (9-6)*4.058*tan 22) | = 2798
42 19 Sand 31 Sand 28 Sand 42
44 37 Sand 36 Sand 23 Sand 44 E If’refsutl:elll\::ong S u.er D:f to " Net Head Above Landside Existing Ground Surface:
quipotential Drop Using Flow ne Net Head = h-Ah*(#Drops)
46 25 30 35 37 2.694 36 46 h = head above landside ground surface due to the river level
47 23 Sand 33 Sand 17 Sand 47 Ah = head drop for one equipotential drop = h / N,
Ne = total equipotential drops
49 20 Sand 21 Sand 18 Sand 49 # Drops : total increment of equipotential drop to the location in the foundation
along the pier.
NOTES: Example : Pier 3, 6 feet below the top of the landside ground surface
1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. for 8 feet of water on the floodwall h=8'-1.5'=6.5"
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships. N, from the flow net = 8
3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures. Ah =h/N, =6.5/8 =0.813
4. The depth is considered negative below the landside ground surface to determine the total pressure head. # Drops = 6.75
where pressure head = Net head above landside ground surface - depth below landside ground surface. Net Head above landside ground surface = 6.5 - (0.813)6.75 = 1.01'
Total pressure at 6 feet ; Pg
Ps = (Net head - elevation head) * Unit weight of water
Ps=(1.10-(-6))*62.4
Pg = 438 psf
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EXHIBIT A-7.23 (Continued)

Fairfax Floodwall Study Feasibility | [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers |
Landside Pile | Water depth not encountered | Designer : Loehr 12/10/2004 T=(ot-,) " tan s’ Perimeter =2 *pi *r = 4.058  feet
Geotechnology Results | Phecker : Kuzniakowski 12/2004 Using ysat = 125 pcf | Using Ko =1-sin ¢' Area = pi * radius"2 1.310 sqft
Water at TOW Head =13' Automatic Trip Hammer |Use 80% |
(1) -(2)
Uncorrected . Uncorrected . Uncorrected . Selected Conversion [Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from|  Effective Effective Ultimate  |Side Resistance Ngp
Material Material Material Mean
Blowcount Blowcount Blowcount Value Automatic Phi Angle |Schmertmann [Overburden [(1) AND (2)] 8=¢-5 Depth Pressure  |Flow Net along| Overburden | Overburden | Shear along Along Pier End Bearing | End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle| Pressure Along Pile Landside Pile Pressure Pressure Length Length coefficient Pressure Resistance |and End Bearing
B-16 B-21 B-23 Use 1.2 Degrees [Fig 14 Degrees| (kgf/sqcm)| degrees | degrees Psf Psf cv', Psf o h', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers
Note : Use K =1
0 1Tsf= 27 22 0 0 T 0 I 0 T 0 T 0 T 0 T I T I
0.976 kgf /
27 22 3 375 | 277 I 98 | 98 | | 0 | I | I
Top of Pile : 3.5' 3.5 7
5 73 741
27 22 6 750 T 487 I 263 [ 263 | T 741 [ 1895 | 4993 | 6543 I 7284
6.75
135 1647
27 22 9 1125 | 719 I 406 | 406 | | 2388 | 18.95 I 7703 | 10093 I 12482
10 6.25
11 4 Silty Sand 193 2351
12 3 3.6 29 25 0.703 27 22 12 1500 | 951 I 549 [ 549 | T 4739 [ 1895 | 10412 | 13643 | 18382
5.75
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 262 3187
28 23 15 1875 | 1160 I 715 | 715 | | 7926 | 21.29 I 15220 | 19943 I 27869
16 5 Silty Sand 5 6 29 29 0.937 29 24 55
17 3 Silty Sand 4 Silty Clay 295 245 352 4286
30 25 18 2250 | 1383 | 867 [ 867 | T 12212 | 2688 | 23207 | 30527 | 42739
19 8 Silty Sand 10 Silt 7 5.1
20 Sand 7.5 9 28.5 32 1.171 30.25 25.25 445 5413
21 8 Silty Sand 30.3 253 21 2625 1597 1028 1028 | 17625 27.84 28604 37482 55107
4.8 508 3093
22.5 18 Sand 10 Sand 30.5 25.5 22.5 2812.5 1700 1112 1112 20718 28.49 31698 41536 62254
4.7 20718 41536 62254 For Ultimate
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 Pounds Pounds Pounds Displacement expect
Sum of Side Sum of Side | Sum of Side | DroP acement exp
Resistance Resistance Resistance 10% of ple.r diameter or
27 5 Sand 20 Sand 32 Sand 27 19' length pier 19' length pier | 19' length pier 1.8 inches
NOTES: Notes : Ngp from Figure 4-4 of EM 1110-2-29with equation developed as Ng = 0.8158e(0.1165%¢")
1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23. dp = oV' * Ngp

2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.
4. The depth is considered negative below the landside ground surface to determine the total pressure head. Side resistance Along Pier = Sum (t4*Areay) , dl = incremental pile length
where pressure head = Net head above landside ground surface - depth below landside ground surface
and the depth to the point in the foundation is considered negative below the landside ground surface.

Example : at | = 9 feet; Side resistance =[ (98+263)/2 * (6-3.5)*4.058*tan 22) | + [ (263+406)/2 * (9-6)*4.058*tan 22) | = 2388

If’ressu::e Along Piu.er Due to Net Head Above Landside Existing Ground Surface:
Equipotential Drop Using Flow net Net Head = h-Ah*(#Drops)

h = head above landside ground surface due to the river level

Ah = head drop for one equipotential drop = h / N,

Ne = total equipotential drops

# Drop : total increment of equipotential drop to the location in the foun
along the pier.

Example : Pier 3, 6 feet below the top of the landside ground surface
for 13 feet of water on the floodwall h=13'-1.5'=11.5'

N, from the flow net = 8
Ah =h/N, = 11.5/8 = 1.4375
# Drops = 6.75

Net Head above landside ground surface = 11.5 - (1.4375)6.75 = 1.80"
Total pressure at 6 feet ; Pg

Ps = (Net head - elevation head) * Unit weight of water

Ps=(1.80-(-6))*62.4
Pg = 487 psf
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EXHIBIT A-7.23 (Continued)

Fairfax Floodwall Study Feasibility [Using unit weight sand = 120 pcf moist Side resistance = f(phi and effective pressure) Using 15.5-inch diameter piers |
Landside Pile Water depth not encountered | | Designer : Loehr 12/10/2004 | T=(ot-p,)*tan §"' Perimeter =2 *pi *r = | 4.058 feet
Geotechnology Results | bhecker : Kuzniakowski 12/2004 | Using ysat = 125 pcf | Using Ko=1-sin ¢' Area = pi * radius"2 | 1.310 sqft
Water at TOW Head =18' Automatic Trip Hammer [Use 80% |
(1) .(2) Full Head Conditions =====> Head = 18 feet
| Uncorrected Material Uncorrected Material Uncorrected Material ‘ ;\:/II:::U Conversion [Sowers 1979|DeMello 1971 Effective |Average of Total Pressure from|  Effective Effective Ultimate  |Side Resistance Ngp
Blowcount Blowcount Blowcount \alue Automatic Phi Angle |[Schmertmann [Overburden [(1) AND (2)] 8=¢-5 Depth Pressure  |Flow Net along| Overburden | Overburden | Shear along Along Pier End Bearing | End Bearing End Bearing Ultimate Side
Trip Hammer Fig 13 1975 Phi Angle| Pressure Along Pile Landside Pile Pressure Pressure Length Length coefficient Pressure Resistance |and End Bearing
B-16 B-21 B-23 Use 1.2 Degrees |Fig 14 Degrees| (kgf / sq cm) | degrees degrees Psf Psf ov' Psf G h', Psf T, psf pounds dimenionless qb, psf Qb, Pounds Pounds
Depth Driven Piers
Note : Use K =1
0 1Tsf= 27 22 0 0 | 0 I 0 | 0 | 0 | 0 | I | I
0.976 kgf / 0 0
27 22 3 375 T 316 I 59 T 59 T 0 T 0 T I T I
3.5 7
5 55.32 138
27 22 6 750 | 535 I 215 | 215 | | 138 | 18.95 I 4069 | 5332 I 5471
6.75
111.69 1360
27 22 9 11256 | 787 I 338 [ 338 | T 1498 [ 1895 | 6409 | 8398 I 9896
10 6.25
11 4 Silty Sand 161.57 1967
12 3 3.6 29 25 0.703 27 22 12 1500 | 1038 I 462 | 462 | | 3465 | 18.95 I 8749 | 11464 I 14929
5.75
14 4 Silty Sand 12 Silty Sand 3 Silty Clay 223.44 2720
28 23 15 18756 | 1258 | 617 [ 617 ] T 6185 [ 2129 | 13144 | 17223 | 23408
16 5 Silty Sand 5 6 29 29 0.937 29 24 55
17 3 Silty Sand 4 Silty Clay 29.5 245 305.16 3715
30 25 18 2250 | 1496 I 754 | 754 | | 9900 | 26.88 I 20257 | 26543 I 36443
19 8 Silty Sand 10 Silt 7 5.1
20 Sand 7.5 9 28.5 32 1171 30.25 25.25 388.82 4733
21 8 Silty Sand 30.3 25.3 21 2625 1722 903 903 | 14633 27.84 25130 32929 47563
22 18 Sand 10 Sand 30.5 255 4.8 447.90 2726
305 255 22.5 2812.5 1829 984 984 17360 28.49 28031 36731 54090
24 2 Silty Sand 15 Sand 4 Sand 10 12 29.5 33 1.405 31.25 26.25 24 3000 4.7 P1 7363 P3673; p54093 For Ultimate
ounds ounds ounds .
Sum of Side Sum of Side | Sum of Side 15:‘::;;’:‘:?;:::’;°;
27 5 Sand 20 Sand 32 Sand 27 3375 Resistance Resistance Resistance 1.8 inches
19' length pier 19' length pier | 19' length pier )
NOTES: Notes : Ngp from Figure 4-4 of EM 1110-2-29/ with equation developed as Nq = 0.8158e(0.1165*¢ ")

1. Blow count data was obtained in Appendix 3, Borings B-16, B-21 and B-23.
2. See pages A-2, A-3, A-4, A-5 for equations, correlations and relationships.
3. Ultimate Side Shear along piles include pore water pressure reduction in the effective overburden pressures.
4. The depth is considered negative below the landside ground surface to determine the total pressure head.

where pressure head = Net head above landside ground surface - depth below landside ground surface.

Gp = ov' " Nap

Side resistance Along Pier = Sum (t4*Areay) , dl = incremental pile length

Example : at | = 9 feet; Side resistance =[ (59+215)/2 * (6-3.5)*4.058*tan 22) ] + [ (215+338)/2 * (9-6)*4.058*tan 22) ] = 1498

Pressure Along Pier Due to

N . N Net Head Above Landside Existing Ground Surface:
Equipotential Drop Using Flow net

Net Head = h-Ah*(#Drops)

h = head above landside ground surface due to the river level

Ah = head drop for one equipotential drop =h /N,

Ne = total equipotential drops

# Drop : total increment of equipotential drop to the location in the foun
along the pier.

Example : Pier 3, 6 feet below the top of the landside ground surface
for 13 feet of water on the floodwall h=18'-1.5'=16.5'

N, from the flow net = 8
Ah =h/N, = 16.5/8 = 2.06

# Drops = 6.75
Net Head above landside ground surface = 16.5 - (2.06)6.75 = 2.58'

Total pressure at 6 feet ; Pg

Ps = (Net head - elevation head) * Unit weight of water
Ps=(2.58-(-6))*62.4
P = 535 psf
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Phi angle 15.5 dia Pier Location | Height on Wall Ultimate
Feet Capacity, Kips
8 69.9
Mean Value Landside 13 62.2
18 54.1
8 52.3
Mean - 1 std Landside 13 46.3
18 40.3
8 93.6
Mean + 1 std Landside 13 84
18 73.3
8 64.3
One Third Landside 13 56
18 49.4
Phi angle 15.5 dia Pier Location | Height on Wall Ultimate
Feet Capacity, Kips
8 68.5
Mean Value Mid 13 59.4
18 50.3
8 50.7
Mean - 1 std Mid 13 43.8
18 36.9
8 91
Mean + 1 std Mid 13 79.8
18 67.4
8 62.2
One Third Mid 13 52.7
18 44
Phi angle 15.5 dia Pier Location | Height on Wall Ultimate
Feet Capacity, Kips
8 66.6
Mean Value Riverside 13 55.9
18 45.5
8 491
Mean - 1 std Riverside 13 411
18 33.1
8 88.2
Mean + 1 std Riverside 13 751
18 61
8 60.1
One Third Riverside 13 49.2
18 39.6

EXHIBIT A-7.24
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